We have determined the in vitro host range of the cloned MO-21 and FL-1 murine myeloma retroviruses grown in SC-1 cells that were originally isolated from cloned MOPC-21 and FLOPC-1 BALB/c plasmacytoma cell lines. These viruses are able to replicate in murine (BALB/3T3, NIH/3T3) as well as numerous heterologous cell lines. These myeloma retroviruses also exhibit mink cell focusinducing activity. MO-21 and FL-1 shared interference patterns with each other, but their replication was not interfered with by ecotropic, xenotropic, or amphotropic viruses. The lack of cross-interference with ecotropic or xenotropic viruses distinguishes these isolates from other mink cell focus-inducing viruses.
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Murine retroviruses have been grouped into four major classes based on their in vitro host range. Viruses which replicate exclusively in murine cells are termed ecotropic (20) and are designated as N-tropic, B-tropic, or NB-tropic according to their ability to preferentially replicate in NIH Swiss, BALB/c, or both types of cells (12) . The second class is termed xenotropic because these viruses can replicate in many heterologous cells but not in murine cells (19) . The next class is the amphotropic viruses which have been isolated from feral mouse populations; these viruses replicate in murine (NIH Swiss mouse) as well as heterologous cells (11, 24, 25) . The final class of viruses is termed polytropic (14) because of their ability to replicate in murine (NB-tropic) and heterologous cells. However, these viruses differ from the amphotropic viruses in neutralization and interference patterns, and subsequent work has demonstrated that these retroviruses arise by recombination between the envelope (env) genes of ecotropic and xenotropic viruses (7) (8) (9) . Another difference between amphotropic and polytropic viruses is that the latter may induce cytopathic changes in mink lung fibroblasts, and they are therefore referred to as mink cell focus-inducing (MCF) viruses (13) .
In this report, we describe our findings that the cloned BALB/c myeloma-associated retroviruses, MO-21 and FL-1, have an NB-polytropic host range and that they exhibit MCF activity. However, unlike other MCF isolates (15, 28) virus (N-tropic) were provided by Naomi Rosenberg. BALB-virus 2 (BV-2) was given to us by Stuart Aaronson, and it was grown in human A673 cells. FL-1 and MO-21 BALB/c myeloma viruses were isolated and cloned as reported previously (15, 26) . These viruses were passaged in SC-1 cells, and all cells were grown as described previously (26) .
Host range analysis. The in vitro host range of the viruses was determined by assaying infected cultures for extracellular reverse transcriptase as described previously (17) .
Interference assays. Pseudotypes of all the retroviruses were generated by cocultivating virus-infected cells with the K-NRK line of nonproducer normal rat kidney cells (1) 
RESULTS
Host range. Previous publications from our laboratory have shown that the BALB/c murine myeloma-associated viruses are able to replicate in NIH/3T3 and BALB/3T3 cells and therefore were termed NB-ecotropic (16, 17, 26) . We extended our analysis of the in vitro host range of two of these cloned viruses (MO-21, FL-1) to determine whether they also possess xenotropic properties (Table 1 ). These data demonstrated that both MO-21 and FL-1 have the ability to replicate in cells from heterologous species including mink, hamster, guinea pig, rabbit, duck, and human, although to different levels. There was no substantial difference between the biological activity of these two viruses. These isolates also have the same host range characteristics as the S/A-1 virus, which was isolated in our laboratory after cocultivation of SIPC-2 myeloma cells with A31 BALB/3T3 cells (15) . The prototype amphotropic virus, 1504A, differs from MO-21 and FL-1 since it is N-amphotropic (15, 25) . Furthermore, the two myeloma viruses and 1504A have different envelope properties since they do not interfere with each other's replication (see below).
Even though our virus preparations were cloned by limiting dilution and single cell isolation, we wanted to further confirm their purity, since interpretation of the host range data depends upon the assumption that the virus populations are homogeneous. Our previous studies showed that two subclones of MO-21 exhibited NB ecotropism even after extensive cloning procedures were performed to eliminate any possibility that the viruses were mixtures (26) . We passed one of these isolates (A2) through SC-1, F1, ML, and PDE cells and determined the limited host range of the progeny virus that was produced ( is a subclone of MO21 murine myeloma-associated virus isolated from a single infected cell (26) . Data are from reverse transcriptase reactions as outlined in Table 1. bA2-MO21 murine myeloma-associated virus was used to infect the indicated cells. Three weeks later, the medium from these cells was used to infect the indicator cell lines. These cultures were tested for virus production 2 weeks postinfection.
'ND, Not detectable levels in this table and those shown in Table 1 are probably due to differences in cell culture conditions as well as the age of the synthetic template used in the reverse transcriptase assay (15 (28) . Also shown in Fig. 1 is a characteristic focus induced by MCF 247, which is the prototype AKR-MCF virus originally described by Hartley et al. (13) . Xenotropic viruses did not exhibit any MCF activity in these assays (data not shown). The focus-inducing activity of MO-21 and FL-1 was proportional to the dilution of the virus used to infect the monolayers (Table 3) , suggesting a one-hit type of phenomenon. In our studies, the myeloma retroviruses had approximately the same titer of MCF activity as the prototype MCF viruses (data not shown). The data in Table 3 also show that the MCF activity was directly related to the input level of viral reverse transcriptase activity. Taken together, these data suggested that the MCF activity was due to the replication of the nondefective myeloma virus and not to the presence of a replication Culture medium was removed for reverse transcriptase activity at 5 days postinfection, at which time the cultures were stained to allow enumeration of foci. ' The reverse transcriptase assays were performed as described in Table 1 . For these experiments, counts of >200 cpm were considered positive because infectious virus could be isolated from these cultures after additional cell passage. ND, Not detectable. defective component in the virus population (13, 32) .
Mink S+L-assay. Hartley et al. (13) reported that the MCF viruses they isolated were inefficient in the mink S+L-assay. This assay is very sensitive for the detection of xenotropic murine leukemia virus (22) . Table 4 shows that the myeloma MCF viruses were also 10-to 100-fold less efficient than the xenotropic BV-2 virus in inducing S+L-foci.
Interference assays. We next wished to determine if MO-21 and FL-1 shared viral envelope properties with any ofthe prototype retroviruses used in this study. The results of interference assays are shown in Table 5 . It can be seen that the myeloma viruses were not interfered with by the ecotropic, xenotropic, or amphotropic viruses used in these assays. These data suggest that MO-21 and FL-1 cross-interfere with each other but that they have unique envelope properties which distinguish them from the tested prototype viruses. It was also clear that the myeloma MCF viruses are different from the prototype MCF 247 virus, since this latter virus shared interference properties with ecotropic and xenotropic viruses but not with the two myeloma viruses (Table 5 ). This interference pattem has been observed previously (13, 28) . We previously demonstrated that the MO-21 and FL-1 virus had an NB-ecotropic host range, but we had not tested for any possible xenotropic characteristics (16, 17, 26) . The data in Table 1 clearly show that the cloned viruses can infect a wide variety of cells and they therefore have been classified in the NB-polytropic host range class. It should be mentioned that the host range characteristics of the 1504A amphotropic virus presented in Table 1 are somewhat different from those described by Hartley and Rowe (11) . These authors showed that 1504A did not replicate in hamster cells or duck cells, whereas it clearly does in our assays. Although we do not know the reasons for these discrepancies, we suspect that the continual passage of this virus in Mvl cells in our laboratory may have slightly altered its host range. This type of phenomenon has been described recently for the recombinant HIX virus (9) . In this case, HIX virus grown in human RD (HIX-RD) cells shifted its host range pattern to become more xenotropic in character. It was also shown by peptide mapping studies that the envelope gp7O proteins of HIX and HIX-RD viruses were different. The authors speculated that these differences may have resulted from either mutation or recombination within the host cell. Murray and Kabat (21) have also demonstrated an alteration in the gp70 of Friend virus which appears to be the result of adaptation of the virus to a given cell line. Host range analysis of the Friend virus variants, however, was not done. We are presently investigating the possibility that the envelope proteins of the MO-21 and FL-1 viruses may be altered by passage through heterologous cell lines. Another possibility is that a cell line merely selects out a variant which replicates more efficiently than the parental virus. Either explanation would be consistent with the host range data presented in Table 2 .
The demonstration that MO-21 and FL-1 possess MCF activity is very interesting in light of the recent studies of Cloyd et al. (5) . These authors reported that they had isolated an MCF virus with a B-polytropic host range from a BALB/c plasmacytoma, designated as CB 208. Since MCF viruses have been implicated in certain neoplastic diseases (10, 13, 32) , these authors tested CB 208 for potential lymphomagenicity (6) . CB 208 was not lymphomagenic in these assays, but the data showed that only MCF viruses originally isolated from thymic lymphomas were able to induce this type of tumor. Studies are under way to determine whether CB 208 as well as MO-21 and FL-1 have any role in tumor induction in BALB/c mice. We are particularly interested in determining whether these agents accelerate the induction of plasmacytomas in this mouse strain (2, 23) . We have also begun studies to determine whether these agents can transform hematopoietic cells in vitro (3, 4) .
We have recently shown that CB 208, MO-21, and FL-1 have the same interference patterns, and peptide mapping studies indicated that they appear to have identical gp7O envelope proteins (D. R. Spriggs and R. G. Krueger, Virology, in press). The CB 208 plasmacytoma was never adapted to growth in tissue culture, so we feel confident that the MO-21 and FL-1 viruses are not just aberrant viruses generated while the plasmacytoma cell lines were grown in vitro. The finding that these three myeloma MCF viruses have indistinguishable gp7O's is unusual since all the MCF viruses described to date have unique gp7O's which are presumed to have been generated by recombination (7, 8) . Another unique property of the myeloma MCF viruses is evident in the interference studies (Table 3) . These data show that, unlike the prototype MCF 247 virus, the replication of the myeloma MCF isolates is not interfered with by ecotropic or xenotropic viruses. Furthermore, the MO-21 and FL-1 viruses are XC positive (17) , whereas all previously described MCF isolates have been shown to lack this activity. These studies suggest that the MCF viruses isolated from BALB/c plasmacytomas may have been generated differently from other MCF viruses (7, 8, 27) .
